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Description 

[FLASH MEMORY AND METHOD FOR 
MANUFACTURING THE SAME] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92103871, filed on February 25, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention is generally related to a structure of 
a flash memory and a manufacturing method thereof. 
More particularly, the present invention relates to a struc- 
ture of a flash memory having a conductive spacer in 
floating gate and a manufacturing method thereof. 

[0004] Description of the Related Art 

[0005] A memory device is a semiconductor device for storing 
data or information. In recent years, as the performance 
of the microprocessor of the computer has become more 
and more better, and the volume of software program ex- 



ecution and operation requires to be correspondingly 
huge, and the storage capacity requirement of the mem- 
ory device also needs to be correspondingly increased. In 
order to manufacture a high density and low-cost memory 
device with a view to satisfy the requirement of the con- 
tinual development of computers, the development of the 
manufacturing technology and process of memory device 
has become a driving force for developing a highly inte- 
grated semiconductor device. 

[0006] For example, a flash memory device has become a widely 
preferred non-volatile memory device in a personal com- 
puter and electronic device because flash memory can be 
repeatedly used for saving, reading and erasing data, and 
the data stored in the memory can also be preserved even 
when the electrical power is cut off. 

[0007] In a typical flash memory device, the floating gate and the 
control gate are formed using a doped polysilicon. More- 
over, an inter-poly dielectric is disposed between the 
floating gate and the control gate, and a tunnel oxide 
layer is disposed between the floating gate and the sub- 
strate. To subject a flash memory to data write/erase op- 
eration, usually a bias is applied between the control gate 
and the source/drain region to inject electrons into the 



floating gate or to pull out electrons from the floating 
gate. To read out data from the flash memory, an opera- 
tion voltage is applied to the control gate. The charged 
state of the floating gate will effect the on /off states of 
the channel, and the level 0 and 1 of the data read from 
the flash memory is dependent on the on/off states of the 
channel. 

[0008] Referring FIG. 1 and 2, FIG. 1 is a top view illustrating a 

conventional flash memory, and FIG. 2 is a cross-sectional 
view taken along the line A-A' of the flash memory of FIG. 
1. The flash memory includes a substrate 100, a tunnel 
oxide layer 104, a floating gate 106, an inter-poly dielec- 
tric 108 and a control gate 110. A plurality of shallow 
trench isolation ("STI") layer 102 is formed in the substrate 
100 to isolate each memory cell. The floating gate 106 
has a shape similar to a rectangular block, and forms on 
the tunnel oxide layer 104 disposed on the substrate 100. 
The control gate 110 has a shape similar to a bar, and the 
alignment of the control gate 110 is perpendicular to the 
STI layer 102 to isolate the inter-poly dielectric 108 dis- 
posed on the floating gate 106 and the substrate 100. Af- 
ter the floating gate 106 and the control gate 110 is 
formed, the substrate 100 is doped to form a source re- 



gion 112 and a drain region 114. 

[0009] However, in the marl<ed (circled) region 116 of FIG. 1 and 

FIG. 2, the contour of the floating gate 106 is similar to a 

right angle since the shape of the floating gate 106 is 

similar to a rectangular block in the above flash memory. 

Therefore, when the flash memory is operated and the 

applied voltage on the control gate 110 is increased, the 

charge stored in the floating gate 106 may penetrate into 

the control gate 110 from the marked (circled) region 116 

through the inter-poly dielectric 108, and then the stored 

data is leaked out. In addition, during the etching process 

of the floating gate, if the etching condition is not well 

controlled, an undercut may occur in the side walls of the 

floating gate, shape of the corners of the floating gate 

more sharp, and thereby allowing the penetration of the 

charge of the stored data much more easier. 
Summary of Invention 

[0010] Accordingly, one object of the present invention is to pro- 
vide a structure and a manufacturing method of a flash 
memory which is suitable for preventing a data leakage 
caused by the penetration of charge stored in the floating 
gate in order to enhance the data storage capacity. 

[0011] It is another object of the present invention to provide a 



structure and a manufacturing method of a flash memory 
which is suitable for enlarging the area between the float- 
ing gate and the control gate, in order to increase the gate 
coupling ratio (GCR) of the flash memory. 
[0012] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, a manufacturing method of the 
present invention is provided. The method includes the 
following steps, first, sequentially forming a patterned 
first dielectric layer, a patterned first conductive layer and 
a patterned hard mask layer on a substrate. Then forming 
a conformal second conductive layer over the substrate, 
and etching back the second conductive layer by using the 
hard mask layer as a etching stop layer to form a conduc- 
tive spacer on both side walls of the first conductive layer. 
Then removing the hard mask layer, and forming a second 
dielectric layer and a third conductive layer over the sub- 
strate. Thereafter, constructing a stacked gate structure 
constituting the third conductive layer, the second dielec- 
tric layer, the first conductive layer, the conductive spacer 
and the first dielectric layer. Next, a floating gate of the 
stacked gate structure is constructed by the remaining 
portions of the first conductive layer and the conductive 



spacer, and a source region and a drain region are formed 
in botli sides of the stacl<ed gate structure within the sub- 
strate. 

[0013] In accordance with a further object of the present inven- 
tion, a structure of a flash memory is provided. The struc- 
ture includes a substrate; a tunnel oxide layer, a floating 
gate, a inter-poly dielectric, a control gate, a source re- 
gion and a drain region. Herein the floating gate is formed 
on the substrate, and the floating gate includes a pat- 
terned conductive layer and a conductive spacer disposed 
on both side walls of the patterned conductive layer. The 
tunnel oxide layer is formed between the substrate and 
the floating gate, the control gate is formed on the float- 
ing gate, and the inter-poly dielectric is formed between 
the control gate and the floating gate. Finally, a stacked 
gate structure is constructed by the tunnel oxide layer, 
the floating gate, the inter-poly dielectric and the control 
gate, and then a source region and a drain region are 
formed in both side of the stacked gate structure within 
the substrate. 

[0014] Accordingly, in the present invention, since a conductive 
spacer is disposed on the side walls of the conductive 
layer used as a floating gate, the corner contour of the 



conductive layer is rounded and the undercut of the side 
wall of the conductive layer is eliminated by the conduc- 
tive spacer. Thus, the penetration of charge from the cor- 
ner of the floating gate into the control gate is prevented, 
and therefore the data storage capacity is enhanced. 

[0015] Moreover, since the floating gate of the present invention 
is constructed by the conductive layer and the conductive 
spacer disposed in the side walls of the conductive layer, 
the area between the floating gate and the control gate is 
expanded, thus the gate coupling ratio (GCR) of the 
stacked gate structure is enhanced. 

[0016] Furthermore, in the process of forming the conductive 

spacer, since a hard mask layer is formed on the conduc- 
tive layer provided as a floating gate desire, the hard 
mask layer can be used as an etching stop layer or pro- 
tection layer during the etching back process. Thus the 
contour and the structure of the conductive layer under 
the hard mask layer can be completely protected, and 
then the contour and the structure of the floating gate can 
also be completely protected. Accordingly, the uniformity 
of the whole wafer can be controlled during the whole 
manufacturing process. 

[0017] It is to be understood that both the foregoing general de- 



scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 
further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] FIG. 1 is a top view illustrating a conventional flash mem- 
ory. 

[0020] FIG. 2 is a cross-sectional view taken along the line A-A' 
of the flash memory of FIG. 1. 

[0021] FIG. 3A to FIG. 3E schematically illustrate top views of a 
manufacturing process flow of a flash memory according 
to a preferred embodiment of the present invention. 

[0022] FIG. 4A to FIG. 4E schematically illustrate cross-sectional 
views of a manufacturing process flow of a flash memory 
taken along the line B-B" of FIG. 3A to FIG. BE according 
to a preferred embodiment of the present invention. 

[0023] FIG. 5A to FIG. 5E schematically illustrate cross-sectional 
views of a manufacturing process flow of a flash memory 



taken along the line C-C" of FIG. 3A to FIG. 3E according 

to a preferred embodiment of the present invention, 

wherein the cross section in FIG. 4A to 4E and the cross 

section in FIG. 5A to 5E are mutually perpendicular. 
Detailed Description 

[0024] jhe present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0025] The present invention provides a manufacturing method 
of a flash memory. FIG. 3A to FIG. BE illustrate the 
schematic top views of the progressive manufacturing 
process steps of a flash memory according to a preferred 
embodiment of the present invention. FIG. 4A to FIG. 4E 
illustrate the schematic cross-sectional views of the man- 
ufacturing process steps of a flash memory according to a 
preferred embodiment of the present invention. FIG. 5A to 



FIG. 5E illustrate the schematic cross-sectional views of 
the manufacturing process steps of a flash memory ac- 
cording to a preferred embodiment of the present inven- 
tion. Herein FIG. 4A to FIG. 4E are cross-sectional views 
taken along the line B-B" of FIG. 3A to FIG. 3E. FIG. 5A to 
FIG. 5E are cross-sectional views taken along the line C- 
C" of FIG. 3A to FIG. 3E, in which the cross sectional views 
in FIG. 4A to 4E and in FIG. 5A to 5E are mutually perpen- 
dicular. 

[0026] First, referring to FIG. 3A, FIG. 4A and FIG. 5A, a substrate 
200 is provided, the substrate 200 includes, for example 
but not limited to, a semiconductor silicon substrate, and 
a shallow trench isolation (STI) layer 202 is formed in the 
substrate 200 previously. Then, a dielectric layer 204 is 
formed on the substrate 200. The material of the dielec- 
tric layer 204 includes, for example but not limited to, sil- 
icon oxide, and a method of forming the dielectric layer 
204 includes, for example but not limited to, thermal oxi- 
dation method. 

[0027] Then, a conductive layer 206 is formed on the substrate 
200. The material of the conductive layer 206 includes, 
for example but not limited to, a doping polysilicon. A 
method of forming the conductive layer 206 includes, for 



example but not limited to, an in-situ ion implantation by 
using chemical vapor deposition (CVD) method. Then, a 
hard mask layer 208 is formed on the conductive layer 
206. The material of the hard mask layer 208 includes, for 
example but not limited to, silicon nitride, silicon oxyni- 
tride, silicon oxide or spin on glass (SOG). A method of 
forming the hard mask layer 208 includes, for example 
but not limited to, chemical vapor deposition (CVD) or 
spin coating method, and a thickness of the hard mask 
layer 208 is for example in a range of about O.lnm to 
about 20 nm. 

[0028] Referring to FIG. 3B, FIG. 4B and FIG. 5B, a patterned mask 
layer 210 is formed on the hard mask layer 208. The ma- 
terial of the mask layer 210 includes, for example but not 
limited to, a photoresist. Then, the conductive layer 206 
and the hard mask layer 208 are patterned in order to 
form a plurality of linear conductive layers 212 and a plu- 
rality of linear hard mask layers 214 respectively. Methods 
of patterning the hard mask layer 208 and the conductive 
layer 206 include, for example but not limited to, remov- 
ing the hard mask layer 208 and the conductive layer 206 
using the patterned mask layer 210 as a mask,. The 
method of removing the hard mask layer 208 and the 



conductive layer 206 include, for example but not limited 
to, an anisotropic etching method. 

[0029] Referring to FIG. 3C, FIG. 4C and FIG. 5C, the mask layer 
210 is removed, then a conformal conductive layer 216 is 
formed on the substrate 200. The material of the confor- 
mal conductive layer 216 includes, for example but not 
limited to, a doped polysilicon. The method of forming 
the conformal conductive layer 216 includes, for example 
but not limited to, in-situ ion implantation by using 
chemical vapor deposition (CVD), and a thickness of the 
conformal conductive layer 216 is for example in a range 
of 0.1 nm to about 100 nm. 

[0030] Referring to FIG. 3D, FIG. 4D and FIG. 5D, a portion of 

conformal conductive layer 216 is removed to form con- 
ductive spacer 218 on both of the side walls of the linear 
conductive layer 212. The method of removing a portion 
of the conformal conductive layer 216 includes, for exam- 
ple but not limited to, etching back the conformal con- 
ductive layer 216 using the hard mask layer 208 as an 
etching stop, until a surface of the hard mask layer 208 is 
exposed. 

[0031] Since the hard mask layer 214 formed on the linear con- 
ductive layer 212 and can be used as an etching stop layer 



in the etching bacl< process, for forming the conductive 
spacer 218 on both sidewalls of the linear conductive 
layer 212, and therefore the conductive layer 212 can 
maintain a complete contour and at the same time the 
structure can be protected by the hard mask layer 208 
(etching stop layer). 

[0032] Moreover, since the conductive spacer 218 is formed on 
the sidewalls of the linear conductive layer 212, the con- 
tour of the corners of the conductive layer 212 is blunted 
or rounded by the conductive spacer 218. Thus the data 
leakage problems due to the right-angled contour or the 
undercut of the sidewall as in the case of the conventional 
floating gate is eliminated. In addition, the contact area 
between the control gate and the conductive layer 212 
combined with the conductive spacer 218 is larger than 
the contacting area between the control gate and the con- 
ductive layer 212, and therefore a higher charge coupling 
ratio can be effectively achieved. 

[0033] Referring to FIG. 3E, FIG. 4E and FIG. 5E, after the hard 

mask layer 208 is removed, a dielectric layer (not shown) 
and a conductive layer (not shown) are formed on the 
substrate 200, and then the conductive layer is patterned 
to construct a conductive layer 220 to serve as a control 



gate. Referring to FIG. 5E, during tlie process of pattern- 
ing tlie conductive layer 220, the dielectric layer, the lin- 
ear conductive layer 212 and the conductive spacer 218 
are also patterned by the same mask to respectively form 
a patterned dielectric layer 222, a patterned conductive 
layer 212a and a patterned conductive spacer 218a. 
Herein the conductive layer 212a and the conductive 
spacer 218a is provided as a floating gate. Finally, a 
stacked gate structure 224 of the flash memory is con- 
structed by the stacked structure of the conductive layer 
220 (provided as a control gate), the dielectric layer 222 
(an inter-poly dielectric), the conductive layer 212a and 
the conductive spacer 218a (provided as a floating gate), 
and the dielectric layer 204 (provided as a tunnel oxide 
layer). Subsequently, a source region 226 and a drain re- 
gion 228 are formed within the substrate 200 to complete 
the manufacture of a flash memory. 

[0034] The above description is directed to a manufacturing 

method of a flash memory of the present invention. Here- 
inafter, referring to FIG. 4E and FIG. 5E, a structure of a 
flash memory of a preferred embodiment of the present 
invention is described. 

[0035] The flash memory of the present invention comprises a 



substrate 200, a dielectric layer 204, a conductive layer 
212a, a conductive spacer 218a, a dielectric layer 222, a 
conductive layer 220, a source region 226 and a drain re- 
gion 228. Wherein the conductive spacer 218a is disposed 
on both sidewalls of the conductive layer 212a, and a 
floating gate of the flash memory is constructed by the 
conductive spacer 218a and conductive layer 212a, and 
wherein the floating gate is disposed on the dielectric 
layer (tunnel oxide layer) 204 of the substrate 200. 

[0036] The conductive layer 220 is provided as a control gate of 
the flash memory, in which the conductive layer 220 is 
disposed on the dielectric layer (inter-poly dielectric) 222 
of the floating gate and the substrate. A stacked gate 
structure 224 of the flash memory is constructed by the 
dielectric layer 204, the floating gate (conductive spacer 
218a and conductive layer 212a), the dielectric layer 222 
and the conductive layer 220. 

[0037] A source region 226 and a drain region 228 are respec- 
tively disposed in both sides of the stacked gate structure 
224. 

[0038] Accordingly, in the present invention, since a conductive 
spacer disposed on the sidewalls of the conductive layer is 
used as a portion of a floating gate, the right-angled con- 



tour of the corners of the conductive layer is rounded and 
the undercut of the sidewall of the conductive layer is 
eliminated by the conductive spacer formation. Thus, 
when operating the flash memory, even when an ex- 
ceeded high voltage is applied to the control gate, a 
charge leakage from of the floating gate can be effectively 
eliminated, and thus the data storage capacity is en- 
hanced. 

[0039] Moreover, in the present invention, since the floating gate 
is constructed by the conductive layer and the conductive 
spacer disposed on the side walls of the conductive layer, 
and therefore the area between the floating gate and the 
control gate is enlarged, thus the gate coupling ratio 
(GCR) of the stacked gate structure is enhanced, and the 
electrical performance of the flash memory is also en- 
hanced. 

[0040] Furthermore, in the process of forming the conductive 

spacer, since a hard mask layer formed on the conductive 
layer can be used as an etching stop layer or protection 
layer during the etching back process, and therefore the 
contour and the structure of the conductive layer under 
the hard mask layer can be effectively protected, and also 
the contour and the structure of the floating gate can also 



be effectively protected. Accordingly, the uniformity of the 
whole wafer can be easily controlled during the whole 
manufacturing process. 
[0041] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



